The relationships between paternal exposures such as tobacco use or alcohol consumption and reproductive outcomes have received increased attention in recent years. For reproductive epidemiological research in which information on fathers is desired in addition to maternal data, logistical and financial constraints often require researchers to obtain data directly from only one member of a partner pair. Since reproductive events tend to be more accurately reported by women than by men, 1,2 women are typically recruited for study participation, and information on fathers is obtained only indirectly, by querying mothers about their partners' habits. Hatch et al. reported that pregnant women receiving private antenatal care provided relatively reliable information on paternal smoking habits but not on paternal drinking habits during the index pregnancy.
The relationships between paternal exposures such as tobacco use or alcohol consumption and reproductive outcomes have received increased attention in recent years. For reproductive epidemiological research in which information on fathers is desired in addition to maternal data, logistical and financial constraints often require researchers to obtain data directly from only one member of a partner pair. Since reproductive events tend to be more accurately reported by women than by men, 1, 2 women are typically recruited for study participation, and information on fathers is obtained only indirectly, by querying mothers about their partners' habits. Hatch et al. reported that pregnant women receiving private antenatal care provided relatively reliable information on paternal smoking habits but not on paternal drinking habits during the index pregnancy. 3 In another study, for which paternal information was ascertained by maternal report, a non-random sample consisting of approximately 5% of fathers was interviewed directly to validate data from mothers; 4 for this subgroup, concordance on the frequency of paternal drinking was found to be 65%. Several studies not focusing on pregnancy have reported a high degree of agreement between self-and proxy-reported smoking status (smoker versus non-smoker). [5] [6] [7] [8] [9] [10] Similarly, evaluations of proxy reports of drinking using data from non-reproductive studies have demonstrated alcohol use data to be relatively reliably reported by proxy. 5, 6, 10, 11 We analysed self/proxy agreement using data on paternal smoking and drinking habits collected from more than 9000 pregnant women and their partners in a population-based study of pregnancy and reproductive outcome.
METHODS
The data analysed for the current study were collected as part of the ongoing Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC), a project of the University of Bristol (England) that is part of the European Longitudinal Study of Pregnancy and Childhood initiated by the World Health Organization. The aims of ALSPAC have been described in detail elsewhere 12, 13 and include the identification of biological, environmental, and social factors associated with pregnancy outcome and child health. The target population for the ALSPAC cohort consisted of all pregnant residents of Avon County, England (excluding the Bath health district), with an expected date of delivery between 1 April 1991 and 31 December 1992, inclusive. Efforts were made to recruit women at the earliest possible point in pregnancy, ideally at the first antenatal visit. Participating women were asked to complete up to four mailed, self-administered questionnaires during their pregnancy, depending on the gestational age at which they were enrolled.
A total of 14 983 pregnancies were enrolled in ALSPAC, representing approximately 90% of all pregnancies occurring in the study area during the specified time period. Enrolled women who were still pregnant at 18 weeks of gestation were sent questionnaires for themselves and for their partners. Participants were encouraged to invite their partners to participate in ALSPAC by asking them to complete two questionnaires during the index pregnancy. The decision to invite her partner was made by each woman on an individual basis. Of the 13 874 women to whom questionnaires were sent between 18 and 23 weeks of gestation, 89% returned their questionnaires (N = 12 287). Non-respondents included those women who had undergone an induced abortion or had experienced a miscarriage by the time the questionnaire was received. Among women responding to the 18-week questionnaire, 81% had a partner who also completed a questionnaire at that time (N = 10 005).
Data on smoking and drinking habits were collected in the 18-week questionnaires from both female and male study participants. Men were asked to describe their smoking patterns at the start of the index pregnancy (did not smoke; smoked 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, or ജ30 times per day). They were also asked to report their drinking habits before and during the early part of the pregnancy (abstained; drank less than once a week; drank at least once a week; drank 1-2 glasses every day; drank 3-9 glasses every day; drank ജ10 glasses every day). Women were asked not only about their own habits at various points in time but also about their partner's smoking and drinking habits at the time of questionnaire completion (i.e. mid-pregnancy). The time periods for which behaviours were assessed were not identical for self and proxy reports, corresponding to early and mid-pregnancy, respectively. ALSPAC couples were eligible for inclusion in the present study if both members of the couple provided information on at least one of the paternal behaviours of interest (smoking, drinking); 8976 couples met this requirement. Twenty couples for whom it was known or suspected that the woman completed the partner's questionnaire were also excluded. The cohort was further restricted to couples in which the woman reported that her partner was the biological father of the index pregnancy (N = 8674). Furthermore, because smoking and drinking information were ascertained after a substantial proportion of the total number of pregnancy losses in the cohort had already occurred, an additional 197 couples for whom paternal behaviour data were available but whose infant could not be confirmed as a liveborn singleton were excluded. Finally, if a woman experienced more than one pregnancy in the study period, only her first live birth in that period was included. The final study cohort consisted of 8414 respondent pairs who met all eligibility criteria.
To evaluate the quality of agreement between the reports of paternal smoking and drinking, we calculated Kappa coefficients 14 and per cent agreement between self-and proxy reports for smoking status (smoker versus non-smoker) and for drinking status (drinker versus non-drinker, examined separately for before and during pregnancy). We also assessed agreement between ordinally scaled variables (indicating amount of smoking per day and amount and frequency of drinking) by calculating per cent perfect agreement, per cent agreement within one category, and Spearman correlation coefficients. Neither paternal self-reports nor maternal proxy reports were assumed to be a 'gold standard' to which the other would be compared, since we had no way to verify the truthfulness of either type of report. Instead, we conducted these analyses with the aim of evaluating the consistency, rather than the accuracy, of proxy reports relative to paternal self reports. 5, 6, 10 For the drinking analyses, only data on agreement between proxy reports and men's reports of their drinking during the index pregnancy are presented.
We examined the agreement distributions for the ordinal smoking and drinking variables both in the aggregate and within strata of the following covariates: age, race, educational level, marital status, gravidity, parity, maternal smoking, caffeine consumption, marijuana use, and cocaine/crack use. In the smoking analyses, paternal drinking was also included as a covariate; in drinking analyses, paternal smoking and maternal and paternal history of alcoholism were also examined. In the crude analyses, we identified covariates related to agreement on paternal smoking or drinking using the following decision rule: a meaningful difference in the agreement distribution across levels of a covariate was defined as a difference of more than five percentage points in a particular agreement category between two levels of a covariate (in strata containing at least 100 observations). We included the covariates identified in this manner in logistic regression analyses to determine which remained important predictors of perfect agreement on smoking or drinking category or of agreement within one category of smoking or drinking level after controlling for other covariates. Because of the large size of this cohort, we expected many of the covariates to have highly statistically significant parameter estimates in the regression models even if they had little effect on agreement. Therefore, covariates were defined in the logistic regression analyses as important only if their accompanying odds ratios were ജ1.5 or ഛ0.67 (with P-values ഛ0.05 for the corresponding parameter estimates).
RESULTS
The demographic characteristics of the ALSPAC participants included in these analyses are shown in Table 1 . The cohort was almost exclusively white, reflecting the racial composition of Avon County, and the majority of respondent pairs were married at the time of study participation. Approximately 15% of female participants and 24% of men had a university degree.
More than one-third of men reported being smokers at the time of conception of the index pregnancy (Table 2) . When men's reports of their smoking habits at the time of conception were compared to women's reports of paternal smoking during pregnancy, 95% of partner pairs agreed on whether the male partner smoked (Kappa coefficient = 0.90). In 3% of couples, men described themselves as smokers and their female partners described them as non-smokers; 2% of couples reported the reverse situation.
When the entire range of smoking categories was considered (Table 3) , 81% of partner pairs were in perfect agreement as to the male partner's smoking level, and more than 90% agreed within one category (Spearman correlation coefficient = 0.90, based on categories shown). We also examined agreement on paternal smoking category with self-reported nonsmoking men excluded: the proportion with perfect agreement between self and proxy reports of paternal smoking level dropped to 50%, and the reported paternal smoking levels of more than 20% of respondent pairs were discrepant by at least 10 cigarettes daily. When maternal proxy and paternal self-reports were not in perfect agreement, women tended to underestimate the amount of their partners' smoking compared to his self-reported level.
When we examined agreement on paternal smoking category within covariate strata, we identified meaningful differences across covariate strata for age, education, and marital status; maternal smoking, binging, caffeine consumption, and marijuana use; and paternal drinking and caffeine consumption. However, in multivariate logistic regression analyses of perfect agreement on smoking level and of agreement within one category of smoking, only maternal smoking and maternal marijuana use were judged to be strong predictors of agreement (Table 3 ). The proportion of couples in perfect agreement on paternal smoking level was considerably lower when the woman smoked than when she did not; it was also reduced when she reported using marijuana during the index pregnancy. When self-and proxy reports of paternal smoking were not in agreement, both smoking and non-smoking women tended to underreport their partner's smoking compared to his report, as did women reporting no use of marijuana in pregnancy.
Only a small fraction of men reported abstaining from alcohol consumption (before or during the index pregnancy), while more than 20% described themselves as daily drinkers (Table 2 ). Of the 6595 men who responded to a question about alcoholism, 3% (N = 182) reported a history of the disorder, either in the past or recently. Per cent agreement between paternal selfreports and maternal proxy reports on paternal drinking status (drinker versus non-drinker) was even higher than that for smoking status (98%), although the Kappa statistic for drinking status was lower (0.74, versus 0.90 for smoking). Among couples disagreeing on paternal drinking status, approximately half were pairs in which the women labelled their partners as nondrinkers but the men described themselves as drinkers; the remainder were couples in the reverse situation. a Male respondents were asked to report their smoking habits at the time of the conception of the index pregnancy. Female ALSPAC participants were asked to describe their partners' smoking habits during mid-pregnancy. The proportion of couples with perfect agreement on paternal drinking level was somewhat lower than that for smoking level when the full range of drinking categories was examined (Table 4 ; Spearman correlation coefficient = 0.77). Agreement within one category was comparably high, however (98%). Exclusion of nondrinkers had no appreciable effect on the agreement distribution since the proportion of abstaining men was so low. As in the case of paternal smoking, women were more likely to under-rather than overreport their partner's drinking level relative to his own reported drinking habits when self-and proxy reports of paternal drinking were not in perfect agreement.
We also examined the degree of agreement between reports of paternal drinking level across strata of covariates (Table 4) . Maternal age was related to self/ proxy agreement, with the lowest agreement seen for the youngest and oldest age groups. The proportion of couples with perfect agreement was also lower when the man reported a problem with alcoholism in the past or recently. No additional covariates were found to be important predictors of self/proxy agreement, either in crude or in multivariate logistic regression analyses.
There were no differences in inference when we compared women's proxy reports of paternal drinking to men's reports of their drinking before the index pregnancy. We also conducted the analyses of agreement within one category of smoking or drinking level with the lowest and highest smoking or drinking amount categories (as reported by men) excluded, since couples' reports could only vary in a single direction for those two extremes; 15 the results of the bivariate and multivariate analyses were unchanged.
DISCUSSION
Hatch et al. also found behaviour status (e.g. smoker versus non-smoker) to be more reliably reported than behaviour amount (e.g. number of cigarettes smoked per day). 4 In addition, they reported that concordance on smoking amount was higher than that on drinking amount. Initially, we also noted this difference between the degree of agreement on paternal smoking and drinking amount (81% and 71% perfect agreement, respectively). However, much of the agreement on paternal smoking amount was attributable to the ability of women to report reliably on their partners' smoking status; agreement on smoking amount decreased substantially with the exclusion of non-smokers, whose smoking amount (i.e. zero) was demonstrated to be very reliably reported. In contrast, the proportion with perfect agreement on paternal drinking category was high regardless of whether non-drinking men were included or excluded, since few men abstained.
Although the timing of women's and men's reports of paternal smoking habits differed (corresponding to habits in mid-pregnancy and at the time of conception, respectively), this difference is not likely to have affected agreement since paternally-reported smoking habits during pregnancy were essentially unchanged MATERNAL REPORT OF MEN'S DRINKING AND SMOKING 319 a Male respondents were asked to report their drinking habits before the index pregnancy and in the period corresponding approximately to the first trimester of the index pregnancy. Female ALSPAC participants were asked to describe their partners' smoking and drinking habits during mid-pregnancy. b Paternal drinking: frequency and, for daily drinkers, quantity of drinking. Six categories: never, less than once a week, at least once a week, 1-2 glasses every day, 3-9 glasses every day, ജ10 glasses every day. * Less than 0.5%.
compared to pre-conception smoking levels (J Golding, personal communication). The generally higher quality of proxy reporting found in our study compared with that of Hatch et al. may be explained in part by differences in data collection methods. Information was obtained from ALSPAC participants through selfadministered, mailed questionnaires, which some participants may have completed in the presence of or even with the assistance of their partners. In contrast, in Hatch's study, female participants were interviewed either in person or by telephone and were less likely to have had opportunities to ask their partners about their smoking and drinking habits.
Our results suggest that, in prospective reproductive epidemiological research involving large, populationbased cohorts, women's reports of their partners' smoking and drinking statuses are highly reliable and can be used with considerable confidence when proxy reports are necessitated because of logistical or financial constraints. Given the large values of kappa calculated for behaviour status (particularly for smoking status), one would expect the use of proxy data for these variables to have only a small effect on estimated measures of association based on proxy reports, at least when misclassification of maternal reports of partners' smoking and drinking was non-differential with respect to outcomes of interest (see reference 16 for further discussions of these issues). Maternal proxy reports of paternal drinking amount would appear to be reasonably reliable as well, particularly within cohorts including few alcoholic men and few women at either extreme of the reproductive age distribution. When data on paternal smoking amount are desired, however, the reliability of maternal reports may be unacceptably low in certain situations, such as when the proportion of non-smoking men in a cohort is small or when a cohort includes large numbers of women who report engaging in high-risk behaviours (i.e. cigarette smoking or marijuana use in pregnancy).
